Abstract-It has not been fully examined whether angiotensin II receptor blocker is superior to calcium channel blocker to reduce cardiovascular events in hypertensive patients with glucose intolerance. A prospective, open-labeled, randomized, controlled trial was conducted for Japanese hypertensive patients with type 2 diabetes mellitus or impaired glucose tolerance. A total of 1150 patients (women: 34%; mean age: 63 years; diabetes mellitus: 82%) were randomly assigned to receive either valsartan-or amlodipine-based antihypertensive treatment. Primary outcome was a composite of acute myocardial infarction, stroke, coronary revascularization, admission attributed to heart failure, or sudden cardiac death. Blood pressure was 145/82 and 144/81 mm Hg, and glycosylated hemoglobin was 7.0% and 6.9% at baseline in the valsartan group and the amlodipine group, respectively. Both of them were equally controlled between the 2 groups during the study. 
H ypertension and type 2 diabetes mellitus (T2DM) are major risk factors for cardiovascular diseases (CVDs), and a combination of those further increases CVD. [1] [2] [3] Activation of the renin-angiotensin system exacerbates not only hypertension but also insulin resistance and diabetic vascular complications. [4] [5] [6] Indeed, various renin-angiotensin system blockers (ie, angiotensin-converting enzyme inhibitor [ACEI] or angiotensin II type 1 receptor blocker [ARB] ) have been shown to suppress new onset of T2DM and to reduce the progression of diabetic nephropathy. [7] [8] [9] [10] Hence, many guidelines worldwide recommend ACEI/ARB as the first-line antihypertensive medications for diabetic hypertensive patients. 3, [11] [12] [13] [14] Several clinical trials previously assessed head-to-head comparisons between ACEI/ARB and calcium channel blocker (CCB) regarding the efficacies on CVD. [15] [16] [17] [18] [19] [20] [21] In diabetic hypertensive patients, some small-sample trials showed that ACEI significantly reduced the risk of CVD compared with CCB, 15, 16 whereas another large-scale trial showed no difference. 17 The Valsartan Antihypertensive Long-Term Use Evaluation (VALUE) and Candesartan Antihypertensive Survival Evaluation in Japan (CASE-J) trials, which recruited 5250 (34%) and 2018 patients (43%) with T2DM, respectively, 18, 19 showed that ARB significantly reduced new onset of T2DM but failed to reduce total CVD compared with CCB. The Irbesartan Diabetic Nephropathy Trial (IDNT) also compared ARB and CCB in diabetic patients with nephropathy. 20, 21 Although the IDNT revealed better renal protection by ARB than CCB as a primary outcome, 20 ARB and CCB had similar efficacies on composite CVD as a secondary outcome. 21 Among the components, ARB was more protective against heart failure (HF), whereas CCB tended to be more protective against myocardial infarction (MI) and stroke.
Epidemiologically, CV events in East Asia are different from those in Western countries. Age-adjusted incidence of ischemic heart disease is ≈80% lower, but cerebrovascular mortality is 2-to 3-fold higher in Japan compared with those in the United States. 22, 23 In addition, mean body mass indices in East Asians are lower than that of Western population. 24 ARB is less protective against new onset of T2DM in lean patients compared with the obese, 25 and CCB has a beneficial property for preventing stroke. 26 Thus, CCBs are still frequently used in hypertensive patients with T2DM in East Asia.
Taken together, it is still unknown whether ACEI/ARB should be the first-line medication for diabetic hypertensive patients in East Asia for the CVD protection. Accordingly, we carried out the NAGOYA HEART Study (NHS) to compare the efficacies of an ARB valsartan and a CCB amlodipine on cardiovascular morbidity and mortality as a primary outcome in Japanese hypertensive patients with glucose intolerance.
Materials and Methods

Study Design
The rationale and design of the NHS have been described previously. 27 The NHS is an investigator-initiated trial which used a prospective, randomized, open-labeled, blinded endpoints design. 28 Participants were recruited by 171 cardiologists only from 46 boardcertified medical centers and hospitals. All of the patients provided their written informed consent. This study was approved by the ethical review committee of the Nagoya University School of Medicine and of participating institutions.
Inclusion Criteria
Eligible participants were men and women aged between 30 and 75 years with both hypertension and glucose intolerance (ie, T2DM or impaired glucose tolerance [IGT]). We enrolled hypertensive patients with not only T2DM but also IGT, because IGT has a similarly elevated risk for CVD compared with T2DM. 29, 30 Hypertension was defined as having received any antihypertensive drugs already or blood pressure ≥140/90 mm Hg. T2DM was defined as having received any antidia-betic agents or plasma glucose level ≥7.0 mmol/L in fasting state, ≥11.1 mmol/L in nonfasting state, or 2 hours after glycemic load in an oral glucose tolerance test. IGT was defined by plasma glucose level <7.0 mmol/L in fasting state and 7.8 to 11.0 mmol/L as the 2-hour value in an oral glucose tolerance test. 31 For exclusion criteria, please see the online-only Data Supplement.
Study Outcomes Measure
Primary outcome was a composite of acute MI (ECG changes, elevation of cardiac enzymes more than twice as high as upper limit of normal levels, and culprit lesion detected by coronary angiogram), stroke (neurological deficit persisting for >24 hours and relevant findings in computed tomography or MRI), admission because of HF (new or worsening typical clinical symptoms including dyspnea, shortness of breath, and peripheral edema, together with pulmonary congestion in chest roentgenogram, echocardiographic left ventricular dysfunction according to the guidelines of the American Heart Association/ American College of Cardiology, and increased plasma brain natriuretic peptide levels), coronary revascularization (percutaneous coronary intervention or coronary bypass graft surgery unplanned at randomization), or sudden cardiac death (unexpected intrinsic death within 24 hours after the onset of symptoms). All-cause mortality was included as the secondary outcome. All of the reported adverse events were analyzed, and outcomes were strictly adjudicated by an independent End point Evaluation Committee in a blinded manner as for the assigned treatments.
Procedures and Follow-Up
Patients were randomly assigned to the valsartan-or the amlodipinebased treatment group. Random allocation was performed by a minimization method with 5 factors of baseline characteristics, such as age, sex, medication for dyslipidemia, current smoking status, and the T2DM/IGT ratio.
As an initial dose, either valsartan 80 mg or amlodipine 5 mg once daily was administered to patients in a respective group. For patients already taking antihypertensive drugs at the enrollment, all of the ACEI/ARB and CCB were once discontinued and the allocated drug was started without a run-in period. During the follow-up, target blood pressure was ≤130/80 mm Hg. 3, [11] [12] [13] [14] Physicians could increase the respective dose until 160 mg or 10 mg daily after 4 weeks, and other antihypertensive drugs, such as diuretics, β-blockers, or α-blockers could be added after 8 weeks as needed. Blood glucose control was performed according to the treatment guidelines issued from the Japan Diabetes Society. 32 For additional information, please see the online-only Data Supplement.
Sample
Sample size calculation was described previously. 27 Patient enrollment began in October 2004 on the assumption that 1500 patients for each group were enrolled and anticipated to be finished by the end of 2006. Finally, we recruited total 1168 patients by the end of January 2009, when the Data and Safety Monitoring Board suggested stopping the recruitment because a longer recruitment period might be required to complete the enrollment. Consequently, the steering committee decided not to recruit patients thereafter. Follow-up was continued until July 31, 2010, and available data were fixed on November 5, 2010.
Interim Analyses and Data Monitoring
The interim analyses were assessed immediately after closing the enrollment and every 6 months (4 times in total). For additional information, please see the online-only Data Supplement.
Statistical Analysis
Data were analyzed on the basis of the intention-to-treat principle. Only the first cardiovascular event was analyzed as a primary outcome in case of multiple events observed in a single patient. Cumulative incidence of cardiovascular events was estimated by the Kaplan-Meier method. The crude hazard ratios (HRs) and 95% CIs were calculated by the Cox proportional hazard model to compare the treatment group differences. The Levene test and repeated-measure ANOVA were used to compare the changes of blood pressure and glycosylated hemoglobin (HbA1c) levels throughout the follow-up. All of the statistical analyses were performed by an independent statistical analysis board, and a P value <0.05 was considered statistically significant.
Baseline characteristics of enrolled patients are shown in Table 1 . All of the patients were diagnosed as hypertensive, and 82% and 18% had T2DM and IGT, respectively. In overall samples, mean age was 63 years, and 66% were men. Mean blood pressure and HbA1c were 145/82 mm Hg and 7.0%, respectively. There were no significant differences in baseline characteristics between the 2 groups. Table 2 shows the prescribed medications during the follow-up. Immediately after the random allocation, 77% of patients in both groups were prescribed only the assigned regimen as an antihypertensive medication. The concomitant antihypertensive drugs were mainly β-blockers in both groups. Antihypertensive and hypoglycemic agents showed no differences in use between the 2 groups.
Blood Pressure Changes and HbA1c Levels During the Study
Changes in blood pressure and HbA1c levels are shown in Figure 1 . Blood pressure was reduced to 131/73 mm Hg in the valsartan group and 132/74 mm Hg in the amlodipine group at 54 months. The Levene test for equality of variances showed no differences between the 2 groups. Blood pressure did not differ between the 2 groups throughout the trial (P=0.653 in systolic BP and P=0.658 in diastolic BP by repeated-measure ANOVA). HbA1c levels were shown to decrease steadily to 6.7% in both groups, and the changes did not differ between the 2 groups.
Clinical Outcomes
The median follow-up period reached 3.2 years (interquartile range: 2.6-4.7 years), and the Data and Safety Monitoring Board suggested finishing the follow-up at that point. A total of 202 clinical adverse events from 148 patients (26%) in the valsartan group and 204 events from 162 patients (28%) in amlodipine group were reported to the end point evaluation committee. Figure 2 shows the incidence of adjudicated primary composite cardiovascular outcomes. A total of 56 events from 54 patients (9.4%) in the valsartan group and 64 events from 56 patients (9.7%) in the amlodipine group were adjudicated as primary outcomes, and time-to-event curves did not significantly differ between the 2 groups (HR: 0.97 [95% CI: 0.66-1.40]; P=0.85). Table 3 shows HRs for each component ascertained in this study, and there were no significant differences in the risk of MI, stroke, coronary revascularization, or sudden cardiac death between the 2 groups. However, incidence of admission because of HF was significantly less in the valsartan group than in the amlodipine group (3 versus 15 patients; HR: 0.20 [95% CI: 0.06-0.69]; P=0.012). Figure S2 shows the time-dependent curves of the incidence of admission attributed to worsening of HF. Please see the online-only Data Supplement. All-cause mortality, as a secondary outcome, did not significantly differ between the 2 groups (22 versus 16 patients; HR: 1.37 [95% CI: 0.72-2.61]; P=0.34; Table 3 ).
Adverse Events
With respect to the safety outcome, we confirmed 106 adverse events of 94 patients in the valsartan group and 112 events of 94 patients in the amlodipine group during the follow-up (Table S1 ). However, any serious adverse events were not observed. There were no significant differences in the incidence of each adverse event, including the definite solid cancer (22 in the valsartan group and 23 in the amlodipine group) between the 2 groups. Please see the online-only Data Supplement. 
Discussion
The NHS is a randomized, prospective clinical trial comparing the efficacies on cardiovascular outcomes between ARB and CCB in hypertensive patients with glucose intolerance. The present study has a novelty to evaluate the cardiovascular events as a primary outcome exclusively in non-Western patients with glucose intolerance. East Asians are generally less obese than Western population, although they had similar prevalence of T2DM. 24 This epidemiological data suggest that East Asians could have some different substrates in glucose intolerance. Furthermore, the incidence of CVD in East Asia is much different from Western countries. However, there was little clinical evidence that supports therapeutic guidelines for the treatment of diabetic hypertensive patients in East Asia. In this study, both blood pressure and glycemic status were equally controlled between the 2 treatment groups, and there was no difference in a primary composite cardiovascular outcome. Our result was generally in line with the data of the Western IDNT Trial for which the number of patients were almost similar to ours, whereas the cardiovascular outcome was measured as a secondary outcome. 21 The VALUE and CASE-J trials enrolled a larger number of diabetic patients than ours, but they also showed no difference in composite cardiovascular outcomes between the ARB-and CCB-based treatments. 18, 19 Consequently, any evidence in clinical advantage of ARB against CCB regarding composite CVD has not been yielded regardless of the race.
In the present study, the valsartan-based treatment significantly reduced the risk of HF as compared with the amlodipine-based treatment. One may argue that more frequent use of thiazides in the valsartan group possibly attributed to better protection against HF. However, this effect on HF in valsartan- (19) 138 (25) 142 (26) 126 (26) 134 (27) 83 (24) 98 (29) 48 (23) 57 (29) α-blockers 13 (2) 14 (2) 36 (7) 18 (3) 33 (7) 19 (4) 20 (6) 13 (4) 10 (5) 10 (5) Aldosterone blockers 14 (2) 8 (1) 14 (3) 15 (3) 10 (2) 14 (3) 10 (3) 8 (2) 5 (2) 4 (2) Thiazides 15 (3) 5 (1) 64 (12) 24 (4) 68 (14) 29 (6) 57 (17) 26 (8) 33 (16) 17 (9) Other diuretics 19 (3) 22 (4) 23 (4) 24 (4) 23 (5) 25 (5) 12 (4) 18 (5) 8 (4) 12 (6) Discontinuation 14 (2) 15 (3) 77 (14) 66 (12) 65 (13) 65 (13) 62 (18) 49 (15) 40 (19) 35 (18) Monotherapy 441 (77) 442 (77) 328 (60) 347 (63) 280 (57) 286 (58) 185 (54) 180 (54) 108 (52) 113 (57) Hypoglycemic agents Sulfonylurea 141 (25) 133 (23) 133 (24) 126 (23) 118 (24) 127 (26) 89 (26) 82 (24) 43 (21) 52 (26) Insulin 40 (7) 37 (6) 30 (6) 28 (5) 24 (5) 23 (5) 14 (4) 14 (4) 7 (3) 10 (5) Other medications 216 (38) 211 (37) 241 (44) 252 (45) 229 (47) 252 (51) 201 (59) 208 (62) 102 (50) 123 (62) Other medication Aspirin 157 (27) 162 (28) 149 (27) 160 (29) 136 (28) 153 (31) 89 (26) 94 (28) 44 (21) 59 (30) Statins 227 (40) 217 (38) 230 (42) 231 (42) 220 (45) 225 (46) 148 (43) 159 (47) 90 (44) 91 (46) Data are presented as n (%). , and test of heterogeneity in thiazides use showed no statistical significance (P=0.50). Thus, our study suggested the more protective efficacy of valsartan against HF regardless of the use of thiazides, and our findings confirm the results of the IDNT Trial, as well as a meta-analysis in diabetic patients in Western countries. 21, 33 In contrast, both the original VALUE Trial and CASE-J Trial showed significant difference of blood pressure throughout the follow-up and no difference in the risk of HF. 18, 19 However, a modified analysis of the VALUE Trial indicated that, when blood pressure effects of valsartan and amlodipine were adjusted equally, the only difference in outcomes between the 2 groups was a lower incidence of HF in the valsartan group. 34 Our study showed considerably lower HR (0.20) for HF than previous trials because of the small number of cases, whereas there may be several possible explanations for this finding. First, given the fact that T2DM leads to renal damage and sodium retention, our patients could be more likely to develop HF than those with hypertension only. 5 Indeed, a subanalysis of the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial suggested that ACEI was more protective against HF compared with CCB in diabetic patients, 17 and a meta-analysis in diabetic patients showed that ARB showed a greater protection against HF than other antihypertensive drugs. 33 In addition, the progression of insulin resistance and diabetic vascular complications are enhanced by the renin-angiotensin system. 5 It is then conceivable that the complicated glucose intolerance unmasked the beneficial effect of ARB compared with hypertension alone. Second, our study patients are all Japanese. A subanalysis of the Reduction of Endpoints in Non-Insulin-Dependent Diabetes Mellitus With the Angiotensin II Antagonist Losartan Study showed that ARB was particularly effective against diabetic nephropathy in Japanese patients compared with other ethnicities. 35 Taken together, ARB may have a greater potential to reduce the risk of HF compared with CCB, especially in Japanese hypertensive patients with glucose intolerance.
We showed that CCB had a tendency to reduce the risk of MI compared with ARB similar to the IDNT findings. 21 The VALUE Trial demonstrated that MI was significantly lower in the CCB group compared with the ARB group. 18 However, it requires careful interpretation, because this finding might be yielded by the difference in blood pressure control (≈4/2 mm Hg) during the follow-up in the VALUE Trial. However, when the effect of blood pressure was adjusted, the difference of MI risk disappeared. 34 Furthermore, an updated meta-analysis demonstrated that ARB and CCB showed equivalent MI risk. 36 In the risk of stroke, we found no difference between ARB and CCB. This finding is also in line with a previous meta-analysis in diabetic patients 33 and head-to-head comparison trials not only in Asians 19 but also in whites. 18, 21 However, it is quite in contrast to the 2 recent Japanese trials, the JIKEI HEART and KYOTO HEART Studies that clearly showed reduced risk of stroke in the add-on group with valsartan compared with the non-ARB group, who mainly received CCB. 37, 38 In these 2 trials, >50% of patients in the ARB add-on group also received CCB, so that these trials might suggest the superiority of combined therapy with ARB and CCB against the control group (mainly CCB-based without ARB). Thus, the discrepancy between the NHS and the JIKEI/ KYOTO HEART Studies may partially be explained by the difference in the concomitant medications and the study design.
We applied the prospective, randomized, open-labeled, blinded endpoints method to assess outcomes. The prospective, randomized, open-labeled, blinded endpoints design is relatively vulnerable to reporting bias, because allocated drugs are open to both patients and physicians. In this regard, softer end points should be adjudicated with a special care. In the present study, an independent clinical research nurse coordinator group managed to follow up patient records and to collect the data in >90% of patients, and all of the reported adverse events were strictly adjudicated by an independent end point evaluation committee under a blinded manner as to the drug assignment. In fact, among 386 provisional reports, only 120 (31.1%) were adjudicated Admission because of heart failure included 4 adjudicated heart failure patients who rejected hospital admission because of personal reasons and received additional medications. Cardiovascular death included fatal stroke and sudden cardiac death. HR indicates hazard ratio. Incident rates are presented as per 1000 patient-years.
by guest on June 9, 2017 http://hyper.ahajournals.org/ Downloaded from as the primary end point by the committee. Therefore, we believe that the bias would be highly unlikely to account for the differences. Rather, prospective, randomized, openlabeled, blinded endpoints design is close to daily clinical practice and less stressful to patients. 28 Our patients were relatively well controlled in both blood pressure and glycemic status. A recent international cohort study reconfirmed that the incidence of CVD was significantly lower in Japan compared with other countries. 39 These underlying conditions might result in quite lower incidence of primary outcomes (3.1% per year) than we anticipated. In addition, the sample size (n=1150) was less than the initially planned number of samples (n=3000), and that the present study was underpowered to determine our initial hypothesis that ARB might be more effective in preventing major CV events than CCB. However, postcensored analysis indicated acceptable statistical power (84.9%), the risk of primary outcome in each group was almost even (HR: 0.97), and our results were consistent with previous clinical evidence. 18, 19, 21, 33, 34 
Perspectives
The NHS is the first randomized, controlled trial comparing the clinical efficacies of ARB and CCB in Japanese hypertensive patients with glucose intolerance. Composite major CV events were similarly observed between ARB-based and CCB-based antihypertensive treatment. However, HF was more significantly reduced by ARB regimen. The NHS results echo those of the IDNT CV event trial and confirm the efficacy of ARB in this patient population in diabetic hypertensive patients in East Asia. Our results will highlight the safety and efficacy of ARB and support the current therapeutic guidelines for the treatment of diabetic hypertensive patients. 
